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A B S T R A C T
Tecoma gaudichaudi DC (Bignoniaceae) is a shrub or a small tree found in various regions of
Maharashtra. The objective of the study was to develop various standardization param-
eters for the evaluation of leaves of this plant. Microscopy, powder characteristics and scanning
electron microscopy (SEM) of leaves were observed and results were recorded. Histological
study of leaves shows underlined palisade cells on the upper epidermal surface, anomocytic
stomata on the lower epidermis with covering (2–3 cells) and glandular trichomes etc. The
specific observed characteristics such as types of stomata and trichomes were predomi-
nantly observed on the lower epidermal surface of the leaf. Physicochemical analysis such
as extractive value includes petroleum ether, ethanol, ethyl acetate and aqueous soluble
extractive values of 3.08, 10.50, 8.5, and 13.4% w/w respectively; extracts were analysed by
chemical test and showed presence of flavonoids, tannins, steroids and triterpenoids etc.
Fluorescence analysis is one of the parameters that help in the analysis of chemical con-
stituents. So these parameters are useful in the authentication of T. gaudichaudi DC and can
play a vital role in authentication and standardization of botanicals.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Beni-Suef Uni-
versity. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Bignoniaceae are a family having 100 genera and more than
800 plant species. Bignoniaceae are a monophyletic family and
in Egypt, a study focused on to identify the primary lineages
of Bignoniaceae based on macromorphological traits
(Abdel-Hameed, 2014). Several species from this family were
reported to have various bioactive constituents such as ursolic
acid, oleanolic acid, lupeol, quercitrin, apigenin, pomolic acid,
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and isoacteoside. Other major secondary metabolites are re-
ported such as alkaloids, flavonoids, tannins, steroids, phenolic
compounds, quinones, chromones, iridoids glycosides, sapon-
ins etc. (Choudhury et al., 2011; Rahmatullah et al., 2010). Plants
are used in the management of a wide range of diseases as
sedative, astringent and antidysenteric, diuretic and hydrogogue
(Kirtikar and Basu, 1999).
Tecoma gaudichaudi DC (Bignoniaceae) is a shrub or a small
tree with drooping branches found in various regions of Ma-
harashtra (Anonymous, 2003). Its leaves are simple, 1–3.2 cm
long, narrowly oblong, obtuse, and with undulated margins.
The leaves of the plant are useful in infertility and diabetes
treatment (Rahmatullah et al., 2010). The present work focuses
on microscopical study with the help of SEM analysis of the
leaf surface and some reports related to physicochemical pa-
rameters of the plant.
2. Materials and methods
2.1. Collection of plant material
The stems with leaves of T. gaudichaudi DC (family Bignoniaceae)
were collected from Moshi area of Pune district (Maharash-
tra) in the month of September 2011, and the samples were
authenticated at the Botanical Survey of India, Pune.The speci-
men voucher number is KALKTEG1.
After botanical confirmation of plant species, the leaves were
studied by conducting morphological, microscopical and physi-
cochemical analyses. Digital Microscope Motic, software 2.0,
was used for microscopical analysis and the surface of leaves
was observed by advanced Scanning Electron microscopy.
2.2. Preliminary chemical analysis
Extracts of leaf powder were prepared by successive extrac-
tion methodology by using Soxhlet apparatus (Kokate, 1994;
Wagner and Bladt, 1996).
2.3. Fluorescence analysis
Fluorescence analysis was carried out as per standard proce-
dure (Evans, 2006). So, powders were treated with different
solvents and chemical reagents (Table 3).
2.4. Microscopy
Fresh leaf samples were collected and transverse sections were
prepared by conventional method (Khandelwal, 2008).
2.5. Scanning electron microscopy
Fresh leaf samples on both sides observed by using FEI (Field
Emission Ion)-Quantum 200 SEM with microscope Control Soft-
ware., LFD – Large Field Detector, Light source is electron beam
by tungsten filament. During SEM study, some parameters were
adjusted such as high voltage range in between 200 V and 30 kV,
Magnification range variable use in between 30× and 100,000×,
Pressure Range is between 10 Pa and 130 Pa (Low vacuum); 65 Pa
is generally used. All parameters mentioned were adjusted de-
pending on type surface of the leaves of the plant.
3. Results and discussion
3.1. Preliminary chemical analysis
Colours of extracts were observed (Table 1). Extracts were further
analysed by performing various chemical tests for identifica-
tion of chemical constituents (Table 2). Analysis of these various
extracts showed presence of tannins, flavonoid, steroids and
triterpenoids. So leaves of Tecoma gaudichaudi DC show
presence of specific moiety utilized for pharmacological in-
vestigation.
3.2. Fluorescence analysis
Fluorescence analysis helps in the analysis of chemical con-
stituents. Leaf powder was reacted with different solvents as
well as chemical reagents and observed at UV short wave-
length and long wavelength (274 and 366 nm). The response
at different wavelengths was recorded (Table 3).
3.3. Microscopical study of leaves
Transverse section of Lamina shows an upper epidermis covered
by thin cuticle. Underlying the upper epidermis is a single-
layered, compact, radially elongated palisade followed by spongy
mesophyll composed of 2–3 layers of loosely arranged paren-
Table 1 – Extractive values.
Extractive value Colour of extract Extractive value
% w/w
Petroleum ether soluble Yellowish brown 3.08%
Ethanol soluble Yellowish brown 10.50%
Ethyl acetate Dark greenish 8.5%
Water soluble Dark brown 13.04%
Table 2 – Preliminary phytochemical investigation of leaf of Tecoma gaudichaudi DC.
Qualitative chemical analysis
Extracts Carbohydrates Proteins Glycosides Tannins Flavonoids Steroids and triterpenoids
Petroleum ether − − − − − +++
Ethanol − − − ++ ++ −
Ethyl acetate − − − − + ++
Aqueous + + − + − −
Presence of constituents (+), absence of constituents (−).
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chymatous cells. Midrib consists of well-developed collenchyma
cells beneath each epidermis. Ground tissue consists of loosely
arranged polygonal parenchymatous cells.Vascular bundles are
bicollateral and crescent shaped (Fig. 1). Covering trichomes
(1–5 celled) and glandular trichomes with unicellular stalk and
multicellular head are present predominantly on the lower epi-
dermis (Fig. 2C and D).
3.4. Powder analysis of plant leaves
The powdered drug is dark green with no distinct odour or taste.
The important diagnostic features of the powder show the pres-
ence of anomocytic stomata, covering and glandular trichomes
etc. (Fig. 2E and F).
3.5. Scanning electron microscopy
SEM analysis of leaves shows spongy parenchyma (Fig. 3C and
D), venation pattern of leaf, and further helps for the identi-
fication of plant species (Fig. 3A and B). Anomocytic type of
stomata was predominantly observed on lower epidermal
surface having an average diameter of 20.41 μm (Fig. 4A–C). Cov-
ering trichomes (1–5 cells) were observed on both epidermal
surfaces.Trichomes on upper epidermal surface have an average
length of 383.36 μm and width of 18.26 μm (Fig. 4G and H); simi-
larly, on lower surface, trichomes observed had an average
length of 406.36 μm and width of 8.89 μm (Fig. 4I and J).
So diagnostic features of leaf of T. gaudichaudi DC shows un-
derlined palisade cells on upper epidermal surface, anomocytic
stomata on lower epidermis with covering (2–3 cells) and pa-
telliform glandular trichomes etc. The specific observed
characteristics such as types of stomata and trichomes were
predominantly observed on lower epidermal surface of leaves.
It can play a vital role in authentication and standardization
of botanicals.
4. Discussion
Various species of Bignoniaceae show presence of promising
active constituents such as tannins, flavonoids, alkaloids, car-
bohydrates etc (Choudhury et al., 2011). The present study
includes analysis of petroleum ether, ethyl acetate, ethanol ex-
tracts of leaves of T. gaudichaudi DC and it shows presence of
tannins, flavonoid, steroids and triterpenoids (Tables 1 and 2).
The specific characteristics of anomocytic stomata and
patelliform/copular glandular trichomes have been reported
in seven representatives of this family mostly in Tecoma gran-
diflora, Campsis radicans, Catalpa speciosa, Catalpa bignonioides,
Anemopaegma album, Anemopaegma scabriusculum, and Bigno-
nia aequinoctialis etc. (Gama et al., 2013; Nogueira et al., 2013;
Ugbabe and Ayodele, 2008; Ugbabe et al., 2014).
These observations were also noted for leaves of
T. gaudichaudi DC by leaf surface study and Scanning electron
microscopy. The present study also shows presence of
anomocytic stomata at lower epidermal cell (Fig. 2A and B), spe-
cific venation pattern (Fig. 3), presence of uniseriate multicellular
trichomes and patelliform type of glandular trichomes on both
epidermal surfaces of the leaves (Fig. 4A–C). These very unique
characters of Bignoniaceae family further help in the authen-
tication of this taxon.
5. Conclusion
T. gaudichaudi DC (Bignoniaceae) is a small tree found com-
monly in various regions of Maharashtra. The plant is reported
for its various activities. The leaves of this taxon have not been
studied so far. In the present work, histological and phyto-
chemical study of leaves of T. gaudichaudi DC has been carried
out. The pharmacognostic studies of this plant, however, help
in the identification and authentication of taxon. The de-
tailed phytochemical analysis of leaves reveals that it contains
tannins, flavonoid, steroids and triterpenoids. Microscopical
study focuses on various characteristics such as anomocytic
stomata, uniseriate multicellular covering and patelliform type
of glandular trichomes of the leaves of this plant and helps
in further analysis of this plant species.
Table 3 – Fluorescence analysis of powder of Tecoma
gaudichaudi DC.
Reagents used Visible
light
Shorter
wavelength
(254 nm)
Longer
wavelength
(366 nm)
Powder + 1N HCL Pale yellow Light green Pale green
Powder + 1N NaOH Pale yellow Green Brown
Powder + 50% HCL Pale yellow Green Green
Powder + 50% H2SO4 Brownish
black
Brownish
green
Brown
Powder + 50% HNO3 Yellow Green Yellowish
orange
Powder + Methanol Dark green Dark green Yellowish
orange
Powder + Methanol+
1N NaOH
Dark green Dark green Brown
Up. Epi 
Col
Vb
Col
Tri
L.Epi 
Pal
Fig. 1 – Transverse section of leaf Tecoma gaudichaudi DC
through midrib. Up. Epi: Upper epidermis; L. Epi: Lower
epidermis; Pal: Palisade cells; Tri: Covering trichomes; Col:
Collenchyma; Vb: Vascular bundle.
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D E F
Fig. 2 – (A) Part of Upper epidermis showing underlying palisade cells. (B) Part of lower epidermis showing anomocytic
stomata. (C) Glandular patelliform trichomes. (D) Part of lower epidermis in surface view showing stomata, glandular
trichomes. (E) Part of lower epidermis in surface view showing stomata, covering trichomes and glandular patelliform
trichomes. (F) Covering and patelliform glandular trichome.
A B
C D
Fig. 3 – Study of leaf surface: (A) Lower surface of leaf showing Venation pattern. (B) Upper leaf surface showing Venation
pattern. (C and D) Upper leaf surface showing mesophyll cell.
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Fig. 4 – (A–C) Part of lower surface of leaf view showing
stomata and patelliform trichomes. (D–F) Part of lower
surface of leaf view showing opened and closed
anomocytic stomata. (G and H) Part of upper epidermis in
surface view showing covering trichomes. (I and J) Part of
lower epidermis in surface view showing covering
trichomes.
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